Intestinal intra-epithelial lymphocytes (IELs) form a highly specialized lymphoid compartment. IELs consist primarily of T cells that are dispersed as single cells within the epithelial cell layer that surrounds the intestinal lumen. These lymphocytes along with lamina propria lymphocytes are considered to play an important role in the regulation of immune responses. IELs are heterogeneous with regard to phenotype, and they contain sub-populations with diverse functions. In our most recent study, we found that intra-duodenal inoculation of mice with reovirus serotype 1/strain Lang (reovirus 1/L) induced expression of both germinal center and T cell antigen and CD11c on IELs suggesting these cells to be the recently stimulated cells in gut mucosal tissue. We also demonstrated that IELs from these mice when cultured in vitro in the presence of reovirus 1/L-pulsed antigen-presenting cells generated reovirus 1/L-specific MHC-restricted CTL whose function was mediated utilizing perforin, Fas-FasL and TRAIL mechanisms. This present study provides a comprehensive analysis of the diverse subsets of IELs, which function with other mucosal cells to provide a strong, protective immunity in a highly regulated fashion inside the microenvironment of the intestinal epithelium. We demonstrated that the IEL population contains both thymus-dependent (TD) and thymus-independent (TI) lymphocytes in mice and that a complex phenotype is present when sub-populations are analyzed for TCR, Thy-1, CD4, CD8 and B220 expression in a comprehensive manner. In reovirus 1/L-inoculated mice, we found a decrease in the TI population and an increase in the TD population characterized by significant alterations in various sub-populations. This increase was largely due to an increase in CD4 1 , CD8 1 and CD4/CD8 double-positive sub-populations of TD IELs. Intracellular cytokine analysis demonstrated induction of IFN-g and an increase in effector/ cytotoxic CD8 and CD4 cells after reovirus 1/L infection. These results suggest that TD IELs may play an important role in the clearance of reovirus 1/L infection from gut.
Introduction
Intra-epithelial lymphocytes (IELs) are the first cells to encounter pathogens that have invaded a host via the intestinal, respiratory or genitourinary tract epithelium. Intestinal IELs are found as single cells dispersed between the epithelial cells, and based on immunohistology, it has been estimated that the IELs of the mouse intestine alone amount to almost 50% of the total T cell number in all lymphoid organs (1) (2) (3) . However, IELs are a phenotypically diverse population and are predominantly T cells (CD3 + ) with majority of them being CD8 + at most sites. Both TCRab + and TCRcd + cells are found within IEL populations (2) (3) (4) . There is increasing evidence utilizing mouse models that two populations of lymphocytes, which belong to different lineages, populate the gut epithelium. One IEL population [thymus dependent (TD) ] is the progeny of precursors, which differentiate in the thymus and migrate after antigenic stimulation from the Peyer's patches (PP) to the gut epithelium via the hemolymphatic circuit (3, (5) (6) (7) . The second IEL population differentiates extrathymically. Although some of this population's precursors may arise and expand in the thymus (8) , differentiation most likely occurs in the gut wall, and this population is termed thymus independent (TI) (3, 5, 9) . Intestinal IELs can be subdivided into two major sub-populations based on the TCR and co-receptor type they express (3, 4) . They consist of the TD IELs, which express TCRab together with CD4 or CD8ab as TCR co-receptors, and the TI IELs subset, which can be either TCRab + or TCRcd + (3, 5, 9) . TI TCRcd + IELs express CD8aa, whereas TI TCRab + IELs express either forms of CD8 (CD8ab or CD8aa) (10) . Both Thy-1 + and Thy-1 À cells are found in the IEL population of normal mice, however, the TD population (TCRab + ) is Thy-1 + and the TI populations (TCRcd + and TCRab + ) are considered Thy-1 À (11). Since IELs are such a diverse population, there has been considerable interest in examining the changes in the proportions of different sub-populations of IELs after mucosal infection and defining the role of these sub-populations in regulating the mucosal immune response. The objective of this study was to first provide a comprehensive analysis of the range of IEL sub-populations present in conventional mice and then to evaluate changes in the phenotypic heterogeneity and function of IELs upon acute, gut mucosal stimulation. In this study, reovirus serotype 1/strain Lang (reovirus 1/L) was utilized, since gastrointestinal infection with reovirus 1/L in mice elicits cell-mediated immune responses in the gut as evidenced by the appearance of CD8
+ reovirus 1/Lspecific precursor CTL among PP lymphocytes and IELs (12) (13) (14) . However, information is limited regarding the infection-associated changes in distinct sub-populations of IELs. Recently, we characterized the expression of activation markers and effector mechanisms involved in reovirus 1/Lspecific cytotoxicity after intra-duodenal (i.d.) priming of mice with reovirus 1/L (15) . We demonstrated that the majority of IELs expressed the phenotype TCRab + Thy-1 + CD8 + , which was similar to those found in the lamina propria and PP and these cells were cytotoxic and used perforin, FasFasL and TRAIL pathways for their cytotoxic effect (15) . This prompted us to evaluate changes within the different subpopulations of the small intestine IELs after i.d. inoculation of mice with reovirus 1/L to pinpoint which particular cell types among the IEL sub-populations plays a role in this infection. Here, we demonstrate that after reovirus 1/L inoculation TCRab 
CD4
+ CD8 + populations were increased significantly at days 7 and 10 after inoculation, which returned to normal levels by day 14 coinciding with the course of infection in these mice. Further, intracellular cytokine analysis demonstrated the production of IFN-c and an increase in effector/cytotoxic CD8 and CD4 cells after reovirus 1/L infection. To our knowledge, this is the first study which describes in detail the changes in various sub-populations of IELs after a viral infection.
Methods

Animals and virus
Four-week-old female Balb/cJ mice were purchased from Jackson Laboratories (Bar Harbor, ME, USA). Six-to eightweek old mice were used in all experiments. Mice were maintained under specific pathogen-free conditions in a BL-2 facility and provided sterile food and water ad libitum. All animal manipulations were performed in class II biological safety cabinets. Virally primed mice were kept physically isolated from all experimental and stock mice.
Reovirus 1/L was originally obtained from W. Joklik (Duke University School of Medicine, Durham, NC, USA). Third passage, gradient-purified stocks were titered by limiting dilution on L cell monolayers and used in these experiments (16) .
Antibodies
The following mAbs were used in this study: anti-TCRab (clone H57-597), anti-TCRcd (clone GL3) and anti-CD4 (clone CT-CD4) were purchased from Caltag (San Francisco, CA, USA). Anti-Thy-1.2 (anti-CD90, clone 53-2.1), anti-CD8a (clone 53-6.7), anti-CD8b (clone 53.5.8), anti-B220 (clone RA3-6B2), anti-CD69 (clone H1.2F3), anti-CD16/CD32 (clone 2.4G2), anti-IL-4 (clone 11B11), anti-IL-5 (clone TRFK5), anti-IL-6 (clone MP5-20F3) and anti-IFN-c (clone XMG1.2) were purchased from PharMingen (San Diego, CA, USA). All antibodies were conjugated with FITC, PE, allophycocyanin (APC), PerCp or biotin. Streptavidin-conjugated PE, APC and PerCp (PharMingen) were used as second-step reagents to identify biotinylated primary antibodies. Each antibody was titrated to determine the optimal staining concentration for maximal signal.
Immunization
Mice were anesthetized with a 0.15-cc intra-peritoneal dose of 20% ketamine (Vetalar 100 mg cc À1 ; Fort Dodge Laboratories Inc., Ford Dodge, IA, USA) and 2.0% acepromazine maleate (PromAce 10 mg cc À1 ; Ayerest Laboratories, New York, NY, USA) and then inoculated i.d. with 3 3 10 7 Plaque-forming units (PFU) of reovirus 1/L in 50 ll of injectable grade 0.9% NaCl. Control mice were inoculated as above with the same volume of 0.9% NaCl.
Isolation of IEL and lamina propria lymphocytes
IEL and lamina propria lymphocytes (LPLs) were isolated from mice with some modifications of a protocol described previously (17) . In brief, the intestines from the duodenum to the ileocaecal junction were removed and flushed with Ca 2+ -, Mg 2+ -free HBSS (CMF). PP and mesentery were removed and the intestines were opened longitudinally and cut into small pieces. The pieces were stirred three times for 30 min in CMF containing 10 mM HEPES, 25 mM NaHCO 3 , 2% fetal bovine serum (FBS), 1 mM EDTA and 1 mM dithiothreitol at 37°C. The eluted cells from the first two incubations were collected, passed through 74-l nylon mesh to partially purify the IELs and kept at 37°C in CO 2 incubator for 45-60 min to facilitate subsequent separation of IELs. The IELs were separated from epithelial cells by centrifugation through a discontinuous 44/67.5% Percoll (Pharmacia) gradient at 600 3 g for 20 min. IELs were harvested from the interface between the 44 and 67.5% Percoll layers. For the isolation of LPLs, the EDTA treated intestinal pieces were washed and then digested for 90 min with RPMI-1640 containing 5% FBS, 10 mM HEPES, 25 mM NaHCO 3 , 100 U of Collagenase type II (Sigma) per milliliter, 0.5 mg of Dispase (Boehringer Mannheim) per milliliter and 100 U of DNAse (Boehringer Mannheim) per milliliter at 37°C. LPLs were then purified through a discontinuous 40/67.5% Percoll gradient centrifuged at 600 3 g for 20 min. LPLs were harvested from the interface between the 40 and 67.5% Percoll layers.
Multicolor immunofluorescence staining for surface markers
IELs and LPLs (0.5 3 10 6 -1 3 10 6 per sample) in HBSS-5% FBS containing 0.02% sodium azide were pre-incubated for 20 min with anti-CD16/CD32 (Fc block) to block Fc receptors to prevent non-specific binding. The cells were then incubated with appropriately titered mAbs for 30 min on ice. These antibodies were either directly labeled with FITC, APC, PE and PerCP or were biotinylated. In the case of biotinylated antibodies, streptavidin-conjugated PE, APC or PerCP was used as second-step reagents. After staining, the cells were washed with HBSS and fixed in 2% paraformaldehyde for 20 min at room temperature. Cells were analyzed for cell-surface marker expression using a FACSCalibur flow cytometer (BD Biosciences). Data were analyzed using CellQuest software (BD Biosciences).
Intracellular cytokine staining
IELs or LPLs (2 3 10 6 ml
À1
) were placed in a 24-well plate (2 ml per well) and stimulated with phorbol myristate acetate (PMA) (50 ng ml
; Sigma) and ionomycin (500 ng ml À1 ; Sigma) in the presence of brefeldin A (10 lg ml À1 ; Sigma) for 4 h at 37°C in a CO 2 incubator. Cultured cells were collected, incubated for 5 min at 37°C with DNAse (3 mg ml per sample) were suspended in HBSS-5% FBS with sodium azide and surface stained as detailed above. After surface staining, the cells were washed twice with HBSS without FBS and sodium azide and fixed with 4% Paraformaldehyde. Fixed cells were washed with HBSS and then permeabilized with 0.5% saponin in HBSS-5% FBS for 30 min at room temperature in the dark. Cells were then stained for 30 min with mAb diluted in 0.5% saponin at room temperature. After washing, the cells were suspended in HBSS and analyzed using a FACSCalibur flow cytometer (BD Biosciences). Data were analyzed using CellQuest software (BD Biosciences).
Reovirus 1/L-specific T lymphocytes
To generate antigen-specific effector cells, IELs were cultured in the presence of reovirus 1/L-infected (multiplicity of infection of 10), irradiated peritoneal exudate cells (PECs) for 16 h in RPMI-10% FBS as previously described (12) . During the last 5 h of stimulation, brefeldin A (10 lg ml À1 ) was added to the culture. Cells were then harvested and stained for cell-surface markers and intracellular IFN-c expression as described above. Antigen-specific T cells were defined as the sub-population expressing both the very early activation marker, CD69 and IFN-c as recently described (18) .
Statistical analysis
Data were analyzed for statistical significance using one-way analysis of variance. Data were considered significant at a P value of <0.05.
Results
Because IELs are such a diverse population, there has been considerable interest in examining the changes in the proportions of different sub-populations of IELs after mucosal infection and defining the role of these sub-populations in regulating the mucosal immune response. In this study, Balb/c mice were inoculated i.d. with reovirus 1/L (infected mice) or saline (control mice) and were sacrificed on days 3, 7, 10 and 14 after inoculation. The intestinal IELs were collected and the phenotype of the cells was analyzed by multicolor flow cytometry. Our results demonstrate that although the total number of IELs recovered after reovirus 1/L inoculation was not altered significantly (except on day 7 after inoculation), there were significant changes in the phenotype of various sub-populations of IELs as compared with control, saline-inoculated mice (Table 1) . Table 1 shows the absolute number of (Fig. 1A , Table 1 ). However, following reovirus 1/L inoculation, there was a significant decrease in the percentage of TCRcd + IELs on day 3 (48.5 6 1.1%) and day 7 (46.7 6 2.1%) after inoculation. The percentage of TCRcd + IELs returned to levels comparable to the control on days 10 and 14 after inoculation (Fig. 1A , Table 1 ). However, while the percentage of the TCRcd + IELs decreased, there was no significant change in the absolute number, suggesting that the decrease in the percentage of TCRcd + IELs may be due to an increase in another IEL population (Table 1) . In contrast to the decrease in TCRcd + IELs, the percentage of TCRab + IELs was significantly increased after reovirus 1/L inoculation, with 31.9 6 1.5% TCRab + lymphocytes on day 7 after inoculation and 28.3 6 7.2% on day 10 after inoculation ( Fig. 1A , Table 1 ). The percentage of TCRab + IELs returned to levels comparable to control, salineinoculated levels by day 14 after inoculation.
Reovirus 1/L inoculation induced the expression of Thy-1, CD8 and CD4/CD8 in the IEL compartment Thy-1 antigen expression is a marker of TD T lymphocytes. IELs obtained from control, saline-inoculated mice were 14.4 6 2.48% Thy-1 + (Fig. 1A) . Following reovirus 1/L inoculation, there was a significant increase in the percentage of Thy-1-expressing IELs which peaked on day 7 (32.5 6 3.0%), remained elevated on day 10 (21.3 6 1.9%) and approached levels comparable to control, saline-inoculated values by day 14 (17.5 6 5.0%) after reovirus 1/L inoculation (Fig. 1A) . + lymphocytes in reovirus 1/L-inoculated mice increased significantly on day 3 after inoculation (7.64 6 0.89%, P < 0.05). In addition, the percentage of CD4 + /CD8 + cells also increased significantly (P < 0.05) after inoculation, from control levels of 2.52 6 0.4% to 4.7 6 1.31% on day 7 and to 3.6 6 0.49% on day 10 after inoculation.
Reovirus 1/L inoculation induced the expression of TCRab + / CD8
+ sub-population in the IEL compartment
Because the CD8 + lymphocyte population comprises a large proportion of the IEL population, both in control, salineinoculated and reovirus 1/L-inoculated mice, the CD8 + population was further analyzed for changes in TCRcd and TCRab expression following reovirus 1/L inoculation (Fig. 2) the percentage expressing CD4 was 50.3 6 3.05% and the percentage expressing CD8 was 31.42 6 4.3% (Fig. 3A) . However, in reovirus 1/L-inoculated mice, while the percentage of TCRab + /Thy-1 + IELs-expressing CD4 was significantly increased on day 3 (64.0 6 1.7%, P < 0.01), the percentage of TCRab + /Thy-1 + IELs-expressing CD4 was significantly decreased on day 7 (27.0 6 2.2%, P < 0.01), day 10 (27.4 6 2.9%, P < 0.01) and day 14 (35.2 6 3.2%, P < 0.05) as compared with control, saline-inoculated mice. In contrast to the CD4
+ sub-population, the percentage of TCRab + /Thy-1 + IELs-expressing CD8 was significantly decreased on day 3 (24.4 6 2.0%, P < 0.05). However, after day 3, this subpopulation significantly increased (P < 0.01) throughout the study period to 58.9 6 3.5%, 53.4 6 2.7% and 51.0 6 2.8% on days 7, 10 and 14, respectively. The percentage of TCRab + /Thy-1 + IELs-co-expressing CD4 and CD8 also increased significantly to 6.9 6 0.5% (P < 0.05) on day 7 and to 12.2 6 0.6% (P < 0.01) on day 10 after inoculation (Fig. 3A) . 33.58 6 4.59% (Fig. 3B) . However, in reovirus 1/L-inoculated mice, the percentage of the CD8aa + sub-population significantly decreased on day 3 (10.32 6 0.58%, P < 0.01) and returned to control levels by day 7 (11.54 6 4.23%) after inoculation as compared with control, saline-inoculated mice (Fig. 3B) . However, by day 10, the CD8aa + sub-population increased significantly to 26.3 6 4.3% (P < 0.05) (Fig. 3B) . In comparison, after reovirus 1/L inoculation, the CD8ab + sub-population also decreased significantly on day 3 of infection (22.31 6 7.4%, P < 0.05), but then increased significantly throughout the study period (62.3 6 12%, P < 0.01; 47.28 6 6.0%, P < 0.05 and 59.49 6 4.78%, P < 0.01, on days 7, 10 and 14, respectively).
CD8aa
The TCRab + /Thy-1 + IELs were also analyzed for CD8 + / B220 À and CD8 + /B220 + sub-populations (Fig. 3B) 
/B220
À sub-population increased significantly on day 7 (49.44 6 9.67%, P < 0.05), day 10 (51.23 6 9.53%, P < 0.05) and day 14 (53.98 6 8.4%, P < 0.05) after inoculation. TCRab + /Thy-1 + /CD8 + /B220 + sub-population also increased on day 7 (21.51 6 7.3%), day 10 (23.98 6 5.05%) and day 14 (18.53 6 2.6%) after inoculation. However, this increase was only significant on day 10 (P < 0.05).
When TCRab + /Thy-1 À IELs were analyzed for CD8 variant expression, 80.84 6 2.87% of the TCRab + /Thy-1 À IELs were CD8aa + and 10.27 6 2.37% were CD8ab + in control, salineinoculated mice (Table 2 ). These percentages did not change significantly following reovirus 1/L infection, with the exception of a significant reduction (73.62 6 2.22%, P < 0.05) in the CD8aa
+ sub-population on day 3 ( /Thy-1 À IEL population was gated and then analyzed for CD8aa, CD8ab and CD8/B220 expression. The results shown for reovirus 1/L-inoculated mice are the mean percentage 6 SD (three independent experiments with four mice each). The results shown for control, saline-inoculated mice are the average of control group values on days 3, 7, 10 and 14.
* P < 0.05 as compared with control. À IEL population was gated and then analyzed for CD8 and B220 expression. The results shown for reovirus 1/L-inoculated mice are the mean percentage 6 SD (three independent experiments with four mice each). The results shown for control, saline-inoculated mice are the average of control group values on days 3, 7, 10 and 14.
* P < 0.05 as compared with control.
Thy-1 + IELs significantly decreased (16.77 6 3.33%, P < 0.05) on day 3 and then significantly increased on both day 7 (45.03 6 11.4% P < 0.05) and day 10 (61.57 6 17.3% P < 0.05).
The reovirus 1/L-induced increase in the CD4/CD8 doublepositive IEL population was due to an increase in the CD4 + / CD8ab + sub-population
In Fig. 1 , we demonstrated a significant increase in the percentage of CD4 + /CD8 + IELs on days 7 and 10 after reovirus 1/L inoculation. Therefore, to evaluate the aa homodimer versus the ab heterodimer chain of CD8 within this CD4 + /CD8 + population, the CD4 + /CD8a + sub-population was gated and analyzed for the expression of CD8b. In addition, the expression of TCRab was also investigated on this gated population (Fig. 4) . In control, saline-inoculated mice, the percentage of the CD4 + /CD8ab + population ranged from 30 to 42% and out of these between 13 and 18% were TCRab + . However, as shown in Fig. 4 (lower panels) , there was a significant increase in the percentage of CD4 + /CD8ab + IELs (37-73%) following infection with reovirus 1/L and these IELs were predominately TCRab + (32-65%). Although this increase was observed through day 14 of infection, the maximum increase was seen 7 days after inoculation, with 73% of the CD4 + /CD8 + IELs expressing the a/b heterodimer and 65% also being TCRab + (Fig. 4) . Therefore, after infection, there was an almost 2-fold increase in the CD4 + /CD8 + populations which can be accounted for in the CD4 + /CD8ab + subpopulation.
Reovirus 1/L infection induces a T H 1-type response in both the IEL and LPL populations
The capacity for cytokine production by the IELs of control, saline-inoculated and reovirus 1/L-inoculated mice was also examined. For cytokine analysis, we focused on day 7 after infection, since our results demonstrated maximum phenotypic changes in the IEL population on that day. Cytokine production was assessed by flow cytometry after stimulation with PMA and ionomycin in the presence of brefeldin A, facilitating cytokine visualization by intracellular flow cytometric cytokine analysis. We evaluated IFN-c and IL-4 expression as representative of a T H 1 or T H 2 profile, respectively. The results, shown in Table 4 , are expressed in terms of the number of cytokine-positive lymphocytes per 10 6 cells and the frequency of cytokine-producing lymphocytes. The total number of IFN-c-positive IELs was significantly increased after reovirus 1/L infection, with a frequency of 1/23 6 5 on day 7 after infection compared with control frequencies of 1/74 6 14 ( Table 4) . No significant change in the total number of IELs-expressing IL-4 was observed after reovirus 1/L inoculation (Table 4) .
Our results demonstrated a significant induction of IFN-c expression when cultures were stimulated with PMA and ionomycin. Therefore, to evaluate whether the same increase in IELs-expressing IFN-c was observed after antigen-specific re-stimulation in vitro, we examined cytokine expression from IELs that were stimulated in vitro with reovirus 1/L-infected PEC ( Table 4) . As was observed after culture with PMA and ionomycin, there was a significant increase in the frequency of IFN-c-expressing IELs from a frequency of 1/77.5 in control, saline-inoculated mice to a frequency of 1/31.6 on day 7 after reovirus 1/L inoculation after in vitro re-stimulation with reovirus 1/L-infected PEC. According to a recent study (18) , which applied intracellular IFN-c expression to calculate effector CTL in spleen cells, the antigen-stimulated IFNc-producing T cells that co-expressed CD69 (a very early activation marker) were determined to be effector CTL. We applied this method to our IEL population and evaluated coexpression of CD69 and IFN-c as a marker for the presence of effector cells. While it is known that the majority of IELs in control, uninfected mice express CD69, we demonstrated that these CD69 + cells do not significantly express IFN-c (Fig. 5, top) . However, in reovirus 1/L-infected mice, there was a significant increase in the percentage of CD69 + /CD8 + (67% infected mice versus 19% control mice) or CD69 + / CD4 + IELs (79% infected mice versus 21% control mice) that were IFN-c producing (Fig. 5, bottom) . These CD4 + or CD8 + IFN-c-producing cells, therefore, fit the profile of effector cells induced in the intra-epithelial compartment following reovirus 1/L infection (18) .
Discussion
Intestinal IELs form a highly specialized lymphoid compartment and along with LPLs are considered to play an important role in the regulation of immune responses. IELs are a phenotypically diverse population with many reported sub-populations observed under various conditions. In this study, we investigated the IEL population of control (saline inoculated) and reovirus 1/L-inoculated Balb/c mice by multiparameter flow cytometry for phenotype and cytokine production. The objective was to perform a comprehensive analysis of the phenotypic heterogeneity and function of IELs upon acute, gut mucosal viral stimulation. To our knowledge, this is the first comprehensive analysis of the multiple IEL sub-populations reported in the literature in conventional as well acutely stimulated mice. In accordance with published studies, we demonstrated that the IEL population contains both TD and TI lymphocytes in conventional mice and that a complex phenotype is present when sub-populations are analyzed for TCR, Thy-1, CD4, CD8 and B220 expression in a comprehensive manner. In reovirus 1/L-inoculated mice, we found a decrease in the TI population and an increase in the TD population characterized by significant alterations in various sub-populations. In addition, intracellular cytokine analysis demonstrated induction of IFN-c and an increase in effector/cytotoxic CD8 and CD4 cells after reovirus 1/L infection. These results suggest that TD IELs play an important role in the clearance of reovirus 1/L infection, possibly through their cytolytic activity. These results are important in understanding the role of distinct subpopulations of IELs in the context of an acute gut mucosal infection. Figure 6 provides a comprehensive summary of the phenotypic heterogeneity of IELs upon acute, gut mucosal stimulation with reovirus 1/L as compared with conventional mice. In these studies, we did not observe any significant differences between IEL sub-populations in normal mice kept under specific pathogen-free conditions and mice injected i.d. with saline and kept under specific pathogenfree conditions (data not shown). Therefore, control, salineinoculated mice used in these studies are considered the phenotypic equivalent of normal mice. After reovirus 1/L infection, TCRab + , TCRcd 
/CD8
+ sub-populations. The CD8 + lymphocytes expressed both dimer chain configurations (CD8aa and CD8ab). Additionally, the CD8
+ sub-population contained B220
+ and B220 -sub-populations. The B220 + IELs are thought to be activated/memory cells, which are activated in situ (19) . The percentage of Thy-1 + /B220 + IELs increased after reovirus 1/L infection suggesting that this increased B220 + IEL population is the activated population of IELs, which are activated in the epithelial site after reovirus 1/L infection.
In contrast to the TCRab + /Thy-1 + population, the TCRab + / Thy-1 À population, which in control, saline-inoculated mice is larger than the TCRab + /Thy-1 + IEL population did not show any significant overall expansion following reovirus 1/L infection. The only significant change between control, salineinoculated and reovirus 1/L-inoculated mice was within the CD8 + population of TCRab + /Thy-1 À IELs, which decreased slightly during the first week of infection. Concerning the TCRcd + IEL population, it contained both Thy-1 À and Thy-1 + sub-populations. Overall, the TCRcd + IELs decreased following infection, and this loss was due to a decrease in the Thy-1 À /CD8 + /B220 + sub-population. Currently available information about TCRcd + cells during the course of a viral infection is rudimentary. Given the dynamics of the TCRcd + population following infection, it is possible that TCRcd + IELs play a housekeeping role during the resolution phase of some inflammatory responses. In support of this concept, the state of intestinal bacterial colonization has been shown to affect the phenotypic characteristics of T cells in the intestinal immune system (20, 21) .
During the early phase of reovirus 1/L infection (day 3), only the CD4 + population of the IELs increased, but later in the infection, CD8
+ and CD4 + /CD8 + populations also increased along with the CD4 + population. Little is known about the role of CD4 + /CD8 + IELs in the mucosal immune response. One study demonstrated that CD4 + /CD8 + IELs, which are primarily CD8aa, express a T H 2-type cytokine profile, which suggests an anti-inflammatory role (22, 23) . Therefore, these cells may have a unique immune regulatory function at the epithelial site. In support of a role for these cells in immune regulation, CD4
+ lymphocytes were observed in the draining lymph nodes following intra-nasal inoculation of reovirus 1/L and these cells respond via proliferation to reovirus 1/L-pulsed antigen-presenting cells in vitro (24) . A recent study demonstrated that in contrast to Control (saline) and reovirus 1/L (i.d. with 3 3 10 7 PFU) -inoculated mice were sacrificed on day 7. The IEL population was stimulated with either PMA and ionomycin (IMC) in the presence of brefeldin for 4 h or reovirus 1/L-infected PEC for 16 h and then analyzed for intracellular cytokine expression by flow cytometry. The results shown for PMA and ionomycin stimulation are the mean percentage 6 SD (three independent experiments with four mice each). The results shown for reovirus 1/L stimulation are the mean percentage 6 SD (two independent experiments with four mice each).
CD8aa
+ T cells, which are located mainly within the gut epithelium, CD4
+ and CD8ab + T cells are present in the gut epithelium and lamina propria and are the progeny of common precursors that have proliferated under the same antigenic stimulation (25) (26) (27) . Since CD4 + T cells comprise a larger proportion of the LPL population than CD8 + T cells, and the adhesive capacity of CD4 + cells to villus microvessels is greater than that of CD4 À cells (28) , the increase in CD4 + T cells in the intra-epithelial compartment 3 days after infection could be due to the migration of CD4 + T cells from the lamina propria to the epithelium. During the later phase of reovirus 1/L infection (days 7 and 10), the CD8 + IELs increased along with CD4 + IELs. This is likely due to the migration of primed PP CD8
+ and CD4 + T cells to the intra-epithelial compartment through the lamina propria and the proliferation of CD8ab + IELs. In this regard, we have recently demonstrated that reovirus 1/L-primed PP cells adoptively transferred to normal or reovirus 1/L-inoculated mice, preferentially migrated to the intra-epithelial compartment of reovirus 1/L-infected mice as compared with normal mice (13) . The literature also supports the hypothesis that the antigenic stimulation and proliferation of IEL precursors occur mainly in the PP followed by their rapid emigration to the intraepithelial compartment and lamina propria through the mesenteric lymph nodes, thoracic duct and blood circulation (25) (26) (27) . However, it is also possible that IELs, LPLs and PP lymphocytes upon meeting their cognate antigens in situ may undergo further stimulation and divide. Therefore, we suggest that the observed increase in TCRab + /Thy-1 + IELs following reovirus 1/L infection is due to migration of primed PP T cells to the epithelial site. However, the possibility of proliferation in situ of TCRab + /Thy-1 + IELs cannot be ruled out. The decrease in reovirus 1/L-induced CD8 + IELs to control levels 14 days after infection might be due to depletion of unwanted T cells (CD8aa and CD8ab) via apoptotic death after the clearance of the viral infection. In this study, the CD8aa + T cells were decreased after reovirus 1/L infection, and we suspect this decrease was the cause of the significant decrease in the total number of CD8 + T cells on day 3 after reovirus 1/L infection. The decrease in the CD8 + /B220
+ sub-population of TCRcd + /Thy-1 + IELs (CD8aa + /B220 + ) in our study also demonstrates indirectly that the decrease in the CD8aa
+ sub-population of TCRcd + IELs also contributes to the decrease in total CD8
+ IELs during the early stage of infection. There are several possible causes for this depletion of the CD8aa
+ sub-population of IELs. Direct viral cytotoxicity may be playing a role, or some CD8aa + T cells may also migrate to the periphery during reovirus 1/L infection. The proportion of CD8aa + T cells has been shown to increase in the peripheral blood during chronic infection of immunodeficiency virus in cats (29) . Previous studies have also suggested that CD8aa + IELs were an immature extrathymic T cell subset that may differentiate through a CD4 + /CD8aa + stage into mature CD4 + and CD8ab + T cells in intestinal epithelium (30, 31 functionally active population in athymic nu/nu mice (33) . However, we did not see any significant change in the percentage of TCRcd + /CD8ab + IELs after reovirus 1/L infection. Gut mucosal infection with reovirus results in the presence of infectious virions in the intestine for up to 10 days after infection, with the titer decreasing 10-fold during this time period (34) . In addition, reovirus 1/L infection results in the generation of MHC-restricted, reovirus 1/L-specific, cytolytic TCRab + /Thy-1 + IELs (12) . Here, we demonstrate that the increase in the TCRab + /Thy-1 + IELs occurs early after infection and correlates with viral clearance and suggests that the TCRab + /Thy-1 + IELs may be playing an important role in the clearance of reovirus infection. This role could be executed through cytolytic activity or cytokine production. In these studies, infection with reovirus 1/L decreased the CD8aa + IEL sub-population and increased CD8ab + and CD4 + IEL subpopulations. CD8
+ cells provide protection against viruses by their cytolytic activity and locally generated TCRab + /CD8aa IELs exert only minimal virus-specific cytotoxicity, while maximum specific killing of virus is mediated by thymically derived TCRab + /CD8ab + IELs (13, 35) . Therefore, the increase in CD8ab + IELs in response to reovirus 1/L infection could contribute to the CTL responses in the intestinal mucosa.
In the absence of deliberate stimulation, the cytokine profile of IELs fails to display normal polarization towards either T H 1 or T H 2 cytokine production despite the fact that they are morphologically in an active state. In the resting state, IELs produce IFN-c and IL-5 (36), however, after activation the majority of IELs adopts a T H 1 cytokine profile particularly with respect to inflammatory cytokines (11) . In terms of cytokine production, reovirus 1/L infection has been shown to induce a T H 1 response in IELs (37) , which includes anti-viral cytokines such as IFN-c and tumor necrosis factor-a (38 + and CD4 + IELs to produce IFN-c was up-regulated during reovirus 1/L infection. Taken together, the phenotype of the IELs after reovirus 1/L infection suggests that the protection against reovirus 1/L is most likely due to the activity of thymus-derived T cells that enter the intestine following antigenic stimulation. The increase in TCRab + IELs after reovirus 1/L infection demonstrates that TCRab + IELs play an important role in the immune response against reovirus 1/L.
